The genus Hymenocallis Salisb. is represented in Mexico by 29 species. Some are well adapted to xeric conditions others belong to meso-hydrophytes. The first group is characterized by caduceus leaves and the second is perennifolious. The seeds of all tested species or accessions germinated shortly after harvest (in a few days and up to in 2-6 weeks) during storage in paper bags. Seed number per infrutescence varied with species or accession. The species and accessions were found to present two modes of germination. The first, found in the xeric group (caduceus leaves) gave between one to many embryonic roots, each having the capacity to terminate with a bulbil. This bulbil was forced by contractile roots into deeper soil layers and entered a deep dormancy period. Both attributes enabled such bulbil to survive the dry season. Such bulbils are named survival bulbils. In the next rainy season they formed feeder roots and primary leaves. The number of survival bulbils formed per seed varied from 1 to 5. Seeds of meso-hydrophytes gave only one embryonic root terminated with a leafy and rooted bulbil of continuous growth. Seeds of the first group gave, generally, two plants per one seed or more; those of the second group gave only one plant. Plants of the second group grew faster, presenting uninterrupted growth. Attributes of these two groups of germination variants and growth may be of interest to horticulturists and to consumers.
INTRODUCTION
The genus Hymenocallis Salisb. is represented in Mexico by 29 species (Espejo Serna and López Ferrari, 1992) . Two species -H. laevenworthii Standl. a. Steyerm. and H. proterantha Bauml, both of perennial foliage, are planted in home gardens and green areas of Puebla, Pue. In rural areas of the State of Puebla the H. harrisiana Herb. was noted (Leszczynska-Borys and Borys, 2001) . The representatives of Hymenocallis are found in a wide range of conditions -in the dry land and growing in water saturated soil or directly in water, at the sea level or above 2,400 m above the sea level. Thus, they have to have some distinctive attributes enabling species adaptations to varied soil climatic conditions. One group of adaptation characters should be related to mechanisms of species multiplication. The genus is being reproduced by bulb offset. No information was found on the genus reproductive capacity (Bailey, 1953; De Hertogh and Le Nard, 1993) . Formation of commercial plantations, initiation of breeding programs and conservationist interest require basic data on the generative reproduction. Thus, the aim of this report is to present the results of seed production, seed germination, bulbil formation and seedling yield.
MATERIALS AND METHODS
All seeds were obtained from the collection established at the Germplasm Bank of Flower Bulb Species at the University Popular Autónoma del Estado de Puebla, in 1995 -1996 " N and 98°15'06" -98°24'00" W and approximate elevation of 2,200 m above sea level. The climate is subhumid with rainfall in the summer. The precipitation of the driest month is below 40 mm. The winter precipitation reaches < 5% of the annual total of 798 mm. The temperature of the coldest month ranges from -3 to 18°C. The wet season frequently presents spells of dry, hot weather lasting from two to three weeks. This, combined with an evaporation rate exceeding almost three times the precipitation, and sandy volcanic soils, with underlying hardpan results in rapid development of soil water deficit after a rain.
Seeds were obtained by daily hand autopollination of flowers. The potential of seed production was assessed by counting the number of flowers per scape and collecting seeds from 10 to 20 scapes per accession. Seeds were secured by hand auto-pollination due to complete lack of seed set with free pollination. Harvested seeds were placed in paper bags in open air or they were kept in paper bags in closed plastic boxes. Storage temperature varied from 18 to 24°C (night/day). Seed mass and germination were evaluated. Seeds were germinated by one of two methods. In the first method seeds were placed between wet sheets of newspaper, forming rolls, keeping them in a vertical position. The bottom of the rolls was kept in water. Survival bulbils and seedlings with rudimentary roots and leaves generated by seeds in dry storage were planted in plastic boxes filled with soil. These tests were run to check survival capacity of the xeric group (H-1, H-4, H-6) and the meso-hydrophyte group (H-176, H-240) . Two replications, each of 20 bulbils or seedlings were used. This laboratory evaluation was conducted at 18 to 24°C (night/day), in room light. In the second method seeds were sown in field beds by placing them at 1 cm depth.
Bulbils resulting from laboratory tests were planted either in laboratory, planting them in plastic, transparent boxes filled with soil or in open field beds at 5 cm distance to test their survival ability of the dry season. The results of germination and survival tests were subject to analysis of variance and F test.
RESULTS AND DISCUSSION
This report includes results of visual observations and measurements taken upon the seed forms, the number of flowers, seeds yield per scape, seed germination and bulbil or seedling production.
Visual Observations
Seeds are green, varying in form and linear dimensions, having smooth or ridged surface. Normally, they are separated but some accessions gave seeds joined firmly nearby the hilum site (Fig. 1) . Some accessions gave seeds of green-mat surface. Others, especially those of meso-hydrophytes, had seeds with a brilliant surface with strongly expressed ridges.
Seed Yield Components
The studied components of seed yield were: the number of flowers per inflorescence and the number of seeds per stem. Two other components were not measured: the number of scapes per bulb and the number of seeds per one flower. The number of flowers per stem varied from 1 to more than 20. About 50% of stems of the whole population of accessions gave 5 to 8 flowers. Wide variation was noted in H. harrisiana (accessions 1 and 7) which gave 1-21 flowers per stem. Rzedowski and Rzedowski (1990) indicated that the same species had 3 to 4 flowers per stem.
The number of seeds per stem varied from 11 to 20 seeds per stem. Some stems gave 41 to 50 seeds. Seeds of Hymenocallis vary much in size. Those of the xeric group, although variable in size, due to dominant polyembryonic nature, were smaller than those of the meso-hydrophytes group. The first bulbil was always larger than those formed later.
Seed Germination
The dominant feature of Hymenocallis seeds is the lack of dormancy and, in the case of the xeric group, sequential emergence of embryonic roots followed by rapid formation of rooted but leaf-less bulbils of gradually reduced size. These were characterized by deep dormancy lasting a few months.
The seeds of all accessions started germinate a few days after dropping or after harvesting. The process of germination lasted up to 4 to 6 weeks, with very few seeds remaining ungerminated after 6 to 8 months.
Two groups of accessions were distinguished on the basis of the number of embryonic roots per seed. The first group gave only one root (meso-hydrophytes) and the second gave from one to many roots (xerophytes). Each embryonic root was followed by a hypocotyl axis among meso-hydrophytes. In the xeric group, only some embryonic roots were followed by a hypocotyl axis (Fig. 2, 3) . The presence of this axis, its basal end, where the hypocotyls meet the embryonic roots base, conditions the formation of bulbils or seedlings. The embryonic roots of some embryos in the xeric group were not able to pass through the seed cover. This resulted in abnormal formation of bulbils inside the seed. Such bulbils were extracted from a decomposing seed. In seeds of the meso-hydrophytes the undeveloped embryos were not observed probably due to lack of polyembryony. The nature of this polyembryony is unclear.
The two seed groups have still another attribute. The meso-hydrophytes seeds produce only one seedling with continued growth of all components: roots, bulb and leaves. They do not present dormancy. Their continued growth is the reason for their larger seasonal increase in mass (mean 3.1 g) compared with the xerophytic plants (mean 0.71 g). There is a wide difference among accessions of this group in size of generated bulbils or seedlings.
Conversely, seeds of the xeric group produce one or many roots and one or more leafless bulbils. These remain in deep dormancy for a few months, from the time of detachment from the seed residue until the beginning of March. The secondary dormancy due to lack of water or the soil temperature below 10°C may last until June. This group has caduceus leaves. Accessions of this group vary in the number of survival bulbils formed by one seed and in mass of such bulbils (Table 1) .
Variants Resulting in Seed Germination under Humid Conditions
The variants between both ecological groups are illustrated in Fig. 2 and 3 . All accessions of the meso-hydrophytes always resulted in complete seedlings with roots, bulbils and leaves showing continuous uninterrupted growth. Those of the xeric group terminated the germination phase with the formation of a leafless bulbil, initially rooted. The seeds of the xeric group formed 1 to 10 embryonic roots. The extreme number of embryonic roots found is presented in Fig. 4 belonging to H. harrisiana out of which only two terminated in survival bulbils. There were not enough energetic resources to secure formation of bulbils able to survive a few months drought.
Each of the embryonic roots, followed by hypocotyls or embryonic axis, had the potential to terminate with a bulbil. Each bulbil, once separated from the seed, entered in deep dormancy lasting probably to the next rainy season. These bulbils should be named survival bulbils due to a period of deep dormancy enabling those plants to survive the long-lasting drought period. The survival bulbils are forced to a depth of 10 to 15 cm by contractile roots. Another characteristic of seeds of the xeric group refers to the sequential formation of many survival bulbils by some seeds. Not all embryonic roots resulted in the formation of survival bulbils. The final significant attribute of the xeric seed germination variant was the difference in the size of the survival bulbils. Only one embryonic root in seeds of the meso-hydrophytes appeared near the hilum, whereas the embryonic roots in the xeric group appeared at any side of the seed cover (Fig. 4 and 5) .
Number of Embryonic Roots Generated by Seeds
The most common number of embryonic roots generated by seeds is one. In some accessions this varies from 1 to 7 although some may produce more than 20. The frequency of seeds giving higher number of embryonic roots is decreases with the number of emerging roots per seed. Some seeds gave extremely high number of embryonic roots (Fig. 4) . The number of embryonic roots generated per seed is strongly modified by accession.
Number of Bulbils Produced per Seed
The number of bulbils produced per seed depended on the number of embryonic roots generated. The dominant frequency was one bulbil. With increased number of embryonic roots per seed the number of bulbils produced per seed also increased. This may reach 7 bulbils per seed.
Size of Bulbils
In general, the seedling mass generated by the meso-hydrophyte group of Hymenocallis was much larger than the mass of bulbils generated under dry storage or under humid paper rolls of the xeric group.
Bulbil and Seedling Production by Seeds Stored Dry
Seeds of both ecological groups were held dry either in paper bags in open air or in paper bags kept in closed plastic boxes. In both cases seeds germinated well, giving survival bulbils (xerophytes) and complete seedlings (meso-hydrophytes), although their primary leaves, bulbil and roots were of residual size (Fig. 6) . The survival bulbils or seedlings were larger when seeds were allowed to germinate in plastic boxes. Their larger size was due to the transpired and precipitated water in plastic boxes forming excellent condition for bulbil growth.
Seed storage is made difficult by the lack of seed dormancy and their fast germination after harvest. A technical solution to the difficulties of long distance transportation could be the formation of survival bulbils or seedlings by seeds stored dry of both ecological groups and the bulbils deep dormancy lasting a few months. The mass of survival bulbils of xeric group or the susceptibility of residual leaves and roots in seedlings of the meso-hydrophytes may be critical to the success of Hymenocallis propagation. Primary results indicate that the survival bulbils of the xerophytes produced by seeds stored dry may be successfully used.
Rooting of Bulbils
All members of the xeric group gave bulbils with continued root formation in such a manner that each bulbil had one root actively growing and functional and one with advanced necrosis. Some accessions gave bulbils producing roots continuously. Dry stored bulbils of the xeric group produced short living roots.
Residual roots and leaves presented on a seedling generated by dry stored seeds of the meso-hydrophytes were slow to reinitiate growth. This may reduce the success of using them in propagation. The difference in reaction of survival bulbils produced by the xeric accessions and seedlings having residual primary leaves and roots is currently under investigation.
Bulbil and Seedling Survival
Survival bulbils and seedlings of the meso-hydrophytes (Fig. 6 ) and the xerophytes (Fig. 7) were evaluated for their growth capacity two months after being stored dry. Representatives of both groups reinitiated leaves and roots formation in 14 days.
CONCLUSION
Two large ecological groups of Hymenocallis were distinguished -the meso-hydrophytes and the xerophytes. The first group, lacking dormancy in seeds, seedlings and mature plants, gives continued growth. This suggests that this group of accessions may be offered as indoor plants for consumers of northern latitudes.
Seeds of the xerophytes group lack dormancy but they produce leafless survival bulbils, which manifested a long-lasting dormancy. This indicates that their bulbils could be stored for a few months and be shipped long distances. Moreover, the dry stored seeds germinate and produce bulbils in the "air" without a substrate instead of seedlings. This offers a cheap means of propagation.
The number of embryonic roots in the xeric group seems to express the polyembryonic nature of seeds. The origin of these seeds is not clear. Perhaps this phenomenon may be used in vegetative cloning of desired types. The polyembryony in the xeric group seems to constitute one of the genus' natural adaptation to the long lasting drought or spells of drought lasting for 2 to 3 weeks. This, combined with lack of seed dormancy, provides a sequential, timely spaced emergence of embryonic roots and leafless survival bulbils presenting deep dormancy but maintaining root formation capacity of the two types: the contractile and feeding ones. The last type of roots was densely covered with root hairs although the bulbils were held in air dry soil or in the air of plastic boxes.
The polyembryony, resulting in sequential formation of higher than one number of bulbils increases the chance of surviving a drought and establishing the seedling in adverse soil-water conditions. The above mentioned attributes of seeds and bulbils resulted from seed germination joined with the polyembryonic nature of seeds of the xeric group of Hymenocallis explain their successful persistent presence in the xeric soils. For these attributes the xeric Hymenocallis could find a broad use in cities for the development of green areas.
Rapid seed germination occurs when there is sufficient moisture. The normal seedling would not have time to develop a bulb of sufficient mass to survive a drought lasting a few months. The seed produced bulbils that were dormant and deep in the soil. These bulbils are able to escape the hot soil surface and survive a long lasting drought. In this complicated system of propagation it is manifested as a part of adaptation mechanism to the climate conditions faced by the xeric group of Hymenocallis. Figures   Fig. 1 . Seeds of meso-hydrophyte Hymenocallis were large, elongated, their surface could be smooth or rough with accentuated ridges running along the seed. Some types gave single, duplex and triplex forms joined close to the hilum or completely united. A similar situation existed in accession # 239.
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Fig. 2. Seeds of meso-hydrophyte
Hymenocallis gave only one seedling per seed. The embryonic root emerged only in the hilum area terminating in a leafy, rooted bulbil. Seedlings of this figure were grown continuously in wet paper rolls. emerged at any point of the seed cover. The number of embryonic roots per seed varied from 1 to 4 in this accession; only some of the embryonic roots terminated with a leafless rooted bulbil. Contractile roots formed at the bulbil base. Bulbils appearing in a sequence were of reduced size. These seeds germinated in wet paper rolls. Fig. 4 . Seeds of the xeric group, belonging to H. harrisiana accession 1-9, resulted in emergence of extreme number of embryonic roots. These appeared at any point of the seed cover. Only one or two embryonic axis terminated with a survival bulbil. Seeds germinated in wet paper rolls. . Survival bulbils produced by seeds of the xerophytic Hymenocallis after harvest stored dry in plastic boxes lined with paper. These bulbils remained in deep dormancy for 4 months. They could be stored successfully in air-dry soil at 15°C.
